EAH 325/3 – Engineering Hydrology APRIL MAY 2010 by PPKAW, Pusat Pengajian Kejuruteraan Awam
 
 
 
 
 
 
 
 
 
 
 
UNIVERSITI SAINS MALAYSIA 
 
 
Second Semester Examination 
2009/2010 Academic Session  
 
April/May 2010 
 
 
EAH 325/3 – Engineering Hydrology 
[Hidrologi Kejuruteraan] 
 
Duration : 3 hours 
[Masa : 3 jam] 
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[Arahan : Kertas ini mengandungi ENAM (6) soalan.  Jawab LIMA (5) soalan sahaja. Semua 
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You may answer the question either in Bahasa Malaysia or English. 
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Enggeris]. 
 
All questions MUST BE answered on a new page. 
[Semua soalan MESTILAH dijawab pada muka surat baru]. 
 
In the event of any discrepancies, the English version shall be used. 
[Sekiranya terdapat percanggahan pada soalan peperiksaan, versi Bahasa Inggeris 
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1. (a) Give the expression on water budget equation for a catchment and briefly 
describe each components of the equation. 
[4 marks] 
 
(b) A retention pond has a water surface elevation of 105.5 m above datum at the 
beginning of January 2010. In that month the retention pond received an 
average inflow of 8.0m3/s from surface runoff sources. In the same period the 
outflow from the retention pond had an average value of 4.5m3/s. Further in 
that month, the pond received a rainfall of 210 mm and the evaporation from 
the lake surface was estimated to be 6.10 cm. Give the water budget equation 
for the pond and calculate the water surface elevation of the pond at the end of 
the month. The average pond surface area can be taken as 5500 ha. Assume 
that the deep percolation has an average value of 0.12mm/hr. 
[8 marks] 
 
(c) The rainfall isohyets interval and enclosed inter-isohyets area within basin 
boundary of 1621 km2 are given in Table 1. Determine the average 
precipitation using isohyetal method. 
 
 
Table 1 
 
Isohyets interval (mm) 15-25 25-51 51-76 76-102 102-127 127-143 
Inter-isohyets area (km2) 80 500 508 300 199 34 
 
         [8 marks] 
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2. (a) A catchment is covered with fair condition grass over 60% of the area. Its 35% 
area is of soil group B and its 65% area is of soil group C. In a rainstorm it 
receives 15 cm of total rainfall which was preceded by 6 cm of rainfall during 
the last five days prior to the beginning of the rainstorm. Determine the 
amount of infiltration. The curve number for AMC III is given as: 
 
)(0057.043.0
)(
)(
AMCIICN
AMCIICN
AMCIIICN ×+=
 
[10 marks] 
 
(b) Field studies suggest the following values for Horton’s infiltration parameters: 
fo = 15 mm/hr, fc = 5 mm/hr, k = 0.6 /hr. Compute the total infiltration for two 
and four hours by integrating the Horton’s equation. 
[10 marks] 
 
3. (a) Briefly describe 5 assumptions of principle of  Unit Hydrograph. 
[8 marks] 
 
(b)    The six-hour unit hydrograph of a watershed having drainage area equal to 
400 km2 is as Table 2 : 
 
                   Table 2 
 
Time  (h) 0 6 12 18 24 30 36 42 
Unit 
hydrograph 
 (m3/s.cm) 
0 2 30 90 45 15 10 2 
 
For a storm over the watershed having excess rainfall of 5 cm for the first six 
hours and the 15 cm for the second six hours, compute the streamflow 
hydrograph, assuming constant baseflow of 80 m3/s. 
 [12 marks] 
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4. (a) The mean annual flow from a particular river basin (1975-2007) is 5.85 m3/s 
with variance of 3.99 m6/s2. Determine 
i.  The probability that mean annual flow will not be less than 9 m3/s; 
ii. The 20-year return period mean annual flow; 
iii. The probability that the mean annual flow will be less than 4.00 m3/s in 
the next 5 consecutive years. 
[10  marks] 
 
(b) The ordinates of a 1-hour unit hydrograph at one hour interval in m3/s.cm are: 
0, 2, 15, 20, 10, 4,  and 2. Derive the  3- hour unit hydrograph for  the basin 
and calculate the basin area (ha). 
[10 marks] 
 
5. (a) A large deep reservoir (KM=0.36) with a surface area of 500 hectares had the 
following average values of parameters during a week: water temperature = 
20oC, relative humidity 45%, wind velocity at 1.0 m above ground = 4 m/s. 
Estimate the average daily evaporation from the lake and the volume of water 
evaporated from the lake during that one week. 
 
   Hint/tip: ⎟⎠
⎞⎜⎝
⎛
+= t.
t.exp.ew 3237
27175844  
  [7 marks] 
 
(b) Using Penman’s method, and assume b = 0.52, σ = 2.01 x 10-9, γ = 0.49.  
Determine the daily PET for the following area: 
 
  USM, Nibong Tebal   : June 
   Latitute    : 50 N 
  Average temperature   : 25.00C 
  Relative humidity   : 45% 
  Average observed sunshine hours  : 12 hr 
  Wind speed, U2   : 25 km/hr 
  Reflection coefficient   : 0.25 
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  Hint/tip:  ( ) ( ) ⎟⎠⎞⎜⎝⎛ +−−⎟⎠⎞⎜⎝⎛ +−= Nn..e..TNnbarHH aaan 90010009205601 4σ  
   
  
[13 marks] 
 
6. (a) A current meter with the following rating has been used for the purpose of 
stream gauging 
 
  V = 0.51Ns + 0.03 
 
Where Ns is the rotational speed of the current meter in revolutions per 
second.  Current meter reading was consistently taken at 0.6 depth at all 
section.  Estimate the stream flow in m3/s and average stream velocity in m/s. 
 
Distance from 
left water edge 
(m) 
Water depth 
(m) 
Duration of current meter 
observation  
(secs) 
Current meter 
reading 
(revolutions) 
0 
1 
3 
5 
7 
9 
11 
13 
0 
0.9 
1.8 
2.2 
1.9 
1.5 
0.5 
0 
0 
100 
100 
150 
150 
100 
100 
0 
0 
35 
50 
102 
82 
39 
24 
0 
 
[15 marks] 
 
 
(b) Briefly describe 5 factors to be considered while selecting the site for water 
level recording station. 
[5 marks] 
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1. (a) Berikan persamaan bajet air untuk kawasan tadahan dan terangkan dengan 
ringkas setiap komponen dalam persamaan tersebut. 
[4 markah] 
 
 
(b) Permukaan air kolam tadahan berada pada aras 105.5 m pada awal Januari 
2010. Dalam bulan tersebut kolam tahanan menerima purata aliran masuk 
sebanyak 8.0m3/s dari punca airlarian hujan. Dalam tempoh yang sama purata 
aliran keluar dari kolam adalah 4.5m3/s. Hujan yang diterima dikawasan 
kolam dalam bulan yang sama adalah 210mm dan penyejatan dari permukaan 
kolam dianggarkan 6.10cm. Berikan persamaan bajet air untuk kolam tahanan 
dan hitung aras permukaan air kolam pada hujung bulan. Purata keluasan 
permukaan air kolam adalah 5500 ha. Anggapakan purata penelusan dalam 
adalah 0.12mm/hr. 
[8 markah] 
 
 
(c) Jeda isohiet dan luas inter-isohiet untuk untuk kawasan tadahan seluas 1621 
km2 diberikan dalam Jadual 1. Tentukan purata kedalaman hujan 
menggunakan kaedah isohiet. 
 
 
Jadual 1 
 
Jeda isohiet (mm) 15-25 25-51 51-76 76-102 102-127 127-143 
Luas inter-isohiet (km2) 80 500 508 300 199 34 
 
         [8 markah] 
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2. (a) Suatu kawasan tadahan mempunyai keadaan litupan rumput sederhana 60% 
dari kawasan. Seluas 35% dari kawasan terdiri dari jenis kumpulan tanah B 
dan 65% dari kawasan terdiri dari jenis kumpulan tanah C. Untuk suatu 
kejadian ribut kawasan tersebut menerima 15 cm jumlah hujan dimana hujan 
dalam tempoh 5 hari yang lepas sehingga diawal kejadian ribut tersebut 
adalah 6 cm. Tentukan jumlah penyusupan yang dihasilkan oleh ribut 
tersebut. Nombor lengkung untuk AMC III diberikan seperti berikut: 
 
 
)(0057.043.0
)(
)(
AMCIICN
AMCIICN
AMCIIICN ×+=
 
 
[10 markah] 
 
(b) Kerja lapangan memberikan parameter penyusupan Horton seperti berikut: fo 
= 15 mm/hr, fc = 5 mm/hr, k = 0.6 /hr. Tentukan jumlah penyusupan untuk 
dua dan empat jam menggunakan kamilan persamaan Horton.  
[10 markah] 
 
3. (a) Terangkan dengan ringkas  5 anggapan prinsip unit hidrograf.  
[8 markah] 
 
(b)    Enam jam unit hidrograf dari suatu kawasan tadahan yang mempunyai luas 
393 km2 seperti Jadual 2 : 
 
                   Jadual 2 
 
Waktu (jam) 0 6 12 18 24 30 36 42 
Unit hidrograf  
(m3/s.cm) 0 2 30 90 45 15 10 2 
 
Untuk suatu hujan lebat terhadap kawasan tadahan mempunyai hujan efektif 5 
cm untuk 6 jam pertama dan 15 cm untuk 6 jam kedua, tentukan  hidrograf 
aliran, anggap aliran langsung dasar tetap 80 m3/s. 
[12 markah] 
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4. (a) Purata kadar alir tahunan dari suatu kawasan tadahan sungai (1975-2007) 
adalah 5.85 m3/s dengan variansi 3.99 m6/s2. Tentukan  
i. Kebarangkalian purata kadar alir tahunan tidak kurang dari 9 m3/s; 
ii. Purata kadar alir tahunan dengan 20 tahun kaca ulangan; 
iii.  Kebarangkalian purata kadar alir kurang dari pada 4m3/s dalam 5 
berikutnya. 
[10  markah] 
 
(b) Ordinat 1-jam unit hidrograf pada interval satu jam dalam m3/s.cm adalah: 0, 
2, 15, 20, 10, 4,  dan 2. Pemerolehan  3-jam unit hidrograf untuk kawasan 
tersebut dan tentukan  luas kawasan tadahan (ha).  
[10 markah] 
 
5. (a) Satu empangan air yang besar dan dalam (KM=0.36) dengan keluasan 
permukaan 500 hektar mempunyai nilai purata dalam satu minggu bagi 
parameter berikut:  Suhu air = 20oC, kelembapan relative = 45%, Kelajuan 
angina pada 1.0 m di atas permukaan bumi = 4 m/s.  Anggarkan sejatan 
purata harian, dan isipadu air yang tersejat dari tasik dalam satu minggu 
tersebut. 
 
   Hint/tip: ⎟⎠
⎞⎜⎝
⎛
+= t.
t.exp.ew 3237
27175844  
  [7 markah] 
 
 
 (b) Gunakan kaedah Penman, dan anggap b = 0.52, σ = 2.01 x 10-9, γ = 0.49.  
Tentukan PET harian bagi kawasan berikut: 
 
  USM, Nibong Tebal   : June 
   Latitut     : 50 N 
  Suhu purata    : 25.00C 
  Kelembapan relatif   : 45% 
  Masa purata sinaran matahari  : 12 hr 
  Kelajuan angin, U2   : 25 km/hr 
  Pekali pemantul   : 0.25 
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  Hint/tip:  ( ) ( ) ⎟⎠⎞⎜⎝⎛ +−−⎟⎠⎞⎜⎝⎛ +−= Nn..e..TNnbarHH aaan 90010009205601 4σ  
   
  
[13 markah] 
 
6. (a) Satu meter arus yang mempunyai kadar berikut telah digunakan untuk tujuan 
pengukuran sungai 
 
  V = 0.51Ns + 0.03 
 
Dimana Ns adalah kelajuan pusingan bagi meter arus tersebut dalam 
pusingan sesaat.  Bacaan meter arus telah diambil dengan konsisten pada 0.6 
kedalaman di semua bahagian.  Anggarkan aliran sungai dalam m3/s dan 
purata kelajuan aliran dalam m/s. 
 
 
Jarak dari tepi 
air kiri 
(m) 
Kedalaman air 
(m) 
Jangka masa 
pemerhatian meter arus 
(saat) 
Bacaan meter arus 
(pusingan) 
0 
1 
3 
5 
7 
9 
11 
13 
0 
0.9 
1.8 
2.2 
1.9 
1.5 
0.5 
0 
0 
100 
100 
150 
150 
100 
100 
0 
0 
35 
50 
102 
82 
39 
24 
0 
 
[15 markah] 
 
 
(b) Terangkan secara ringkas 5 faktor yang perlu diambilkira semasa pemilihan 
lokasi bagi tapak rekod paras air.  
[5 markah] 
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APPENDIX A / LAMPIRAN A 
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APPENDIX B / LAMPIRAN B 
Soil Conservation Service Runoff Curve Numbers (Urban Areas) 
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APPENDIX C / LAMPIRAN C 
 
 
Table 1: Saturation vapor pressure of water
Temperature
(oC)
Saturation vapor pressure ew
(mm of Hg)
A 
(mm/oC)
0 4.58 0.30
5.0 6.54 0.45
7.5 7.78 0.54
10.0 9.21 0.60
12.5 10.87 0.71
15.0 12.79 0.80
17.5 15.00 0.95
20.0 17.54 1.05
22.5 20.44 1.24
25.0 23.76 1.40
27.5 27.54 1.61
30.0 31.82 1.85
32.5 36.68 2.07
35.0 42.81 2.35
37.5 48.36 2.62
40.0 55.32 2.95
45.0 71.20 3.66
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2: Mean monthly solar radiation at top of atmosphere, Ha (in mm of 
evaporated water/day)
North Lat. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 14.5 15.0 15.2 14.7 13.9 13.4 13.5 14.2 14.9 15.0 14.6 14.3
10 12.8 13.9 14.8 15.2 15.0 14.8 14.8 15.0 14.9 14.1 13.1 12.4
20 10.8 12.3 13.9 15.2 15.7 15.8 15.7 15.3 14.4 12.9 11.2 10.3
30 8.5 10.5 12.7 14.8 16.0 16.5 16.2 15.3 13.5 11.3 9.1 7.9
40 6.0 8.3 11.0 13.9 15.9 16.7 16.3 14.8 12.2 9.3 6.7 5.4
50 3.6 5.9 9.1 12.7 15.4 16.7 16.1 13.9 10.5 7.1 4.3 3.0
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3: Mean monthly possible values of sunshine hours, N (hours) in north 
latitude
North Lat. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 12.1 12.1 12.1 12.1 12.1 12.1 12.1 12.1 12.1 12.1 12.1 12.1
10 11.8 11.8 12.1 12.4 12.6 12.7 12.6 12.4 12.9 11.9 11.7 11.5
20 11.1 11.5 12.0 12.6 13.1 13.3 13.2 12.8 12.3 11.7 11.2 10.9
30 10.4 11.1 12.0 12.9 13.7 14.1 13.9 13.2 12.4 11.5 10.6 10.2
40 9.6 10.7 11.9 13.2 14.4 15.0 14.7 13.8 12.5 11.2 10.0 9.4
50 8.6 10.1 11.8 13.8 15.4 16.4 16.0 14.5 12.7 10.8 9.1 8.1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
